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ABSTRACT
The purpose of this study was to determine if a signi­
ficant relationship existed between selected physiological 
measures of arousal (basal skin resistance, electromyographic 
potential on the frontalis muscle and heart rate) and two 
psychological measures of arousal (State Anxiety Inventory 
and Sport Competition Anxiety Test) in a competitive situa­
tion (video game). On the basis of their scores on the 
Trait Anxiety Inventory, subjects were classified as either 
high-trait-anxious (N = 15) or low-trait-anxious (N = 15)• 
State anxiety was assessed by the State Anxiety 
Inventory (SAI) prior to competition and immediately after 
subjects received failure feedback regarding the outcome of 
the competition. The Sport Competition Anxiety Test (SCAT) 
was given 1, 2, or 3 days prior to competition and immedi­
ately prior to competing in the video game. Physiological 
measures were recorded over a 15 min period for 5 ndn while 
the subject rested (baseline), for 5 min while the ball 
moved at a slow speed and for 5 min while the ball moved at 
a fast speed.
Pearson product correlations between the physiological 
and psychological variables were calculated for each trait- 
anxiety group. In general, correlations between the
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physiological and psychological measures of arousal were 
very low. With the exception of a high correlation between 
the two administrations of SCAT for both high- and low- 
trait-anxiety subjects and the moderately high correlation 
between pre-competitive SAI scores and SCAT scores immedi­
ately prior to competition for the low-trait-anxiety sub­
jects, there were no significant correlations among the 
psychological measures of anxiety.
A 2 (trait anxiety groups) X 3 (treatment conditions) X 
10 (30-sec time intervals) factorial design multivariate 
analysis of variance revealed that there were no signifi­
cant (^ <.05) differences between the high- and low-trait- 
anxiety subjects on the three physiological measures of 
arousal. A 2 (trait anxiety groups) X 2 (competitive trait 
anxiety measures) analysis of variance showed that high-trait 
trait-anxiety subjects scored significantly (p<.05) higher 
than low-trait-anxiety subjects on both administrations of 
the SCAT. Another 2 (trait anxiety groups) X 2 (state 
anxiety measures) analysis of variance revealed that the 
high-trait-anxiety subjects scored significantly (p <.05) 
higher than the low-trait-anxiety subjects on both the pre- 
and post-competitive SAI.
The results of this study support the concepts of 
response specificity, response stereotypes and stimulus- 
response specificity during a competitive situation. Future 
research is needed to determine what personal factors in 
addition to trait anxiety, such as locus of control,
viii
achievement motivation and expectancy of success, or 
external factors, such as nature of the competitive situa­
tion, rewards offered to participate or audience and coaction 
effects, elicit a particular anxiety state response.
CHAPTER I 
INTRODUCTION
The concept of arousal is complicated by the synony­
mous use of the terms motivation, excitement, emotion, 
stress and anxiety. However, there is considerable overlap 
in both physical and psychological reactions to the condi­
tions associated with these terms. To avoid the technical 
and theoretical issues involved in distinguishing the 
various terms mentioned above, the term "level of arousal" 
will be used in this study. The use of this term implies 
that arousal is viewed as a continuum from a low point 
during sleep to a high point during extreme effort or great 
excitement.
The predominant method of measuring an individual's 
existing or current emotional state, anxiety state, has been 
to use some measure of arousal. Although arousal and anxiety 
states are not identical, Martens (1977) considers an arousal 
indicator an appropriate method for assessing anxiety state.
The various methods used to measure arousal may be 
categorized into three broad areas: physiological, psycho­
logical and behavioral. The physiological measures gener­
ally agreed upon by researchers as being associated with 
increased levels of arousal include: measurement of brain
potentials (EEG), electromuscular potentials (EMG), body 
temperature, skin resistance (GSR or BSR), cardiovascular
1
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activity (EKG), biochemical changes (Martens, 1977)* depth 
perception, steadiness, systolic blood pressure and hand-eye 
coordination (Ulrich, i960).
In addition to the physiological indicators of arousal, 
anxiety states and arousal have also been measured by self- 
report psychological inventories. Since i960 a number of 
investigators have developed inventories which require that 
a subject describe his present state of activation. The one 
that has been most frequently used in recent years is the 
State Anxiety Inventory (SAI) developed by Spielberger, 
Gorsuch, and Lushene ( 1 9 7 0 ) .
Several studies have employed behavioral measures to 
determine the relationship between arousal and performance. 
Individuals perform gross or fine motor tasks or verbal tasks 
and then researchers infer arousal states based on differ­
ences in performance. Attempts have also been made to mea­
sure arousal using an observational system of movements such 
as twisting, fidgeting and pacing as well as a voice-gram 
(Martens, 1977)*
A source of disturbance to a number of psychologists 
who have sought an index of general arousal has been the low 
intercorrelations among the physiological measures and 
among the psychological measures of anxiety state and 
intensity of the stressor (Lacey & Lacey, 1958). Several 
solutions have been proposed to deal with this problem.
Duffy (1962) proposed that multiple measures of arousal 
would be more satisfactory than any single measure. Some
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evidence indicates that correlations are an artifact 
produced by inappropriate procedures or improper units of 
measurements. Thus, new procedures, transformations and 
methods of data reduction have been developed to improve 
correlations. Weinstein, Averill, Option, and Lazarus (1968) 
and Thayer (1971) used standardized scores in an effort to 
obtain significant correlations. Malmstrom, Option and 
Lazarus (1965) attempted to improve the correlation between 
heart rate and skin conductance by utilizing the method of 
mean cyclic maxima, which controls for short term cyclic 
changes in heart rate by averaging the peaks on a cardio- 
tachometer record over brief intervals. Several researchers 
(Benjamin, 1967; Lacey, 1956; Wilder, 1962) have suggested 
data transformations that are equivalent to an analysis of 
covariance. The influence of the initial level is removed 
from the change in physiological functioning under the 
conditions of the experiment.
Because psychophysiological research has failed to 
yield significant correlations among the various measures of 
arousal the only practical solution to the problem seems to 
lie in determining the specific mechanisms involved in the 
organism attempting to return to or maintain homeostatic 
balance. As Cannon (1929) explained, the process of homeo­
stasis involves the excitation of the sympathetic division 
of the autonomic nervous system and the effect of emotional 
reaction as a function of glandular secretions. Contrary to 
Cannon's argument, Rogoff (19^5) maintained that emotions
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are consequences of activity within the nervous system.
Other researchers have proposed additional explanations 
to account for the adaptation process. Selye (1946) claimed 
that a line of defense exists within the organism, which is 
referred to as the adaptation syndrome. The intensity of 
one's internal processes was described by Duffy (1957) in 
terms' of energy of mobilization, contending that the internal 
processes supply the energy for overt behavior. Hebb (1955) 
related arousal level and performance through cue function 
and accounted for arousal by assuming that activity in the 
brain cortex is facilitated by "bombardment" from the 
ascending reticular activity system in the brain cortex.
Until the unique properties of the different physiolog­
ical systems are identified, the explanation for the low 
correlations between physiological and psychological mea­
sures of arousal may be attributed to response specificity 
or response stereotypes, stimulus-response specificity, 
emotional specificity, defense mechanisms and autonomic 
self-control (Hodges, 1976). Lacey and Lacey (1958) have 
documented that individuals have specific response patterns 
in autonomic functions which are reliable over time. Some 
individuals regardless of the type of stress respond with an 
increase in heart rate while others increase breathing rate 
or perhaps both GSR and heart rate.
Some research (Hodges, 1967; Hodges & Spielberger, 1966; 
Lacey, Kagan, Lacey, & Moss, 1963) suggests that different 
stimuli produce different response patterns which
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subsequently may affect the pattern of physiological data. 
Failure of researchers to verify that the emotional response 
they are investigating is the only emotion produced by the 
experimental manipulations has accounted for much of the 
ambiguity in the anxiety literature. According to Krause 
(1961) no physiological measure can be used as an independ­
ent criterion for state anxiety because other emotional 
states also lead to increased physiological function. Dif­
ferent emotional states such as fear and anger are mani­
fested in different physiological patterns. Social desira­
bility and defensive processes may influence the responses 
of an individual to a questionnaire. Thus, physiological 
reactions may be different for two individuals who score 
identically on self-report measures of anxiety (Hodges,
1976).
Conflicting results in psychophysiological research may 
also be attributed to an individual's ability to volun­
tarily adjust his level of arousal. Various techniques 
including progressive relaxation (Jacobson, 1938), auto­
genic training (Schultz & Luthe, 1959)» transcendental 
meditation, self-hypnosis and biofeedback (Fisher, 1976) 
have been developed to facilitate the arousal regulating 
process. Although these methods permit individuals to 
voluntarily adjust their level of arousal, individual 
variables exist which make it difficult to establish defin­
itive guidelines which would be universal for all persons to 
establish and maintain an optimum level. Among the
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variables which may cause the optimum level of arousal to 
vary from person to person include: level of anxiety,
level of proficiency of the performer, and the individual's 
personality (Alderman, 197^)*
The individual variable of interest in this investi­
gation was the level of the subject's state anxiety prior to 
and during competition, and the interaction of four physio­
logical measures of anxiety state with subject trait anxiety. 
Previous research has shown that state anxiety increases with 
conditions of psychological stress (Hodges, 1968; Kieffer & 
Tennyson, 1973? McAdoo, 1970; SpieTberger, 1973? Spielberger 
et al., 1970) and can be assessed by physiological measures 
of autonomic arousal and by psychological self-report 
inventories. The competitive process is an evaluative 
situation, which an individual would be expected to view as 
threatening and subsequently react to the perceived threat 
with increased state anxiety (Martens, 1977)*
Martens (1977) has identified an important intra­
personal factor related to perceived threat, competitive 
trait anxiety. He defines the term as a "tendency to 
perceive competitive situations as threatening and to respond 
with feelings of apprehension or tension." Results from the 
general anxiety literature have indicated consistently that 
high-trait-anxious individuals exhibit greater state anxiety 
than low-trait-anxious individuals under stressful conditions 
(Hodges, 1968; Hodges & Durham, 1972; Lamb, 1969; O'Neil, 
1969; Sarason, I960, I968). Klavora's study (1975) that
7
found high-trait-anxious players experienced greater state 
anxiety than low-trait-anxious players during practice 
sessions, regular season and play-off games supports these 
findings in a field situation. Several studies (Gill &
Martens, 1977 * Martens & Gill, 1976; Scanlan, 1977) have 
reported similar results relative to competitive trait 
anxiety and state anxiety.
One factor, a situational determinant of perceived 
threat to an individual, is the degree of success or failure 
experienced (Gill & Martens, 1977; Martens, 1977; Scanlan,
1977)• Findings from the general anxiety literature have 
shown that state anxiety decreases with success and increases 
with failure (Auerbach, 1973; Gaundry & Poole, 1972; Hodges 
& Durham, 1972; Ishiguro, 1965; McAdoo, 1970). The studies 
of Gill and Martens (1977)i Martens and Gill (1976) and 
Scanlan (1977) have found similiar patterns in a competitive 
laboratory situation. A field study by Skubic (1956) 
ascertained the importance of success-failure experiences to 
baseball players between the ages of eight and fifteen years 
through a questionnaire that asked how they felt about a 
number of issues related to competition.
Because previous investigators have failed to examine if a 
relationship exists between trait anxiety and the physiolog­
ical manifestations of arousal and psychological self-report 
inventories, the present study was conducted. If a relation­
ship between trait anxiety and the physiological measures of 
arousal (EEG, EKG, BSR, and heart rate) can be ascertained,
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then this information gained through paper and pencil tests 
such as the State Anxiety Inventory (Spielberger et al.,
1970) and the Sport Competition Anxiety Test (Martens, 1977) 
could be used to gain insight into behavior of individuals 
and might even assist people in regulating their own arousal.
Review of Literature 
Selected Physiological Arousal 
Measures
Since the introduction of devices for recording activity 
of muscle through the intact skin, a wide variety of psycho- 
physiological studies have utilized this technique. While 
the nature of the relationship between muscle contraction and 
surface muscle action potential is unknown under the condi­
tions of most psychophysiological experiments, integrated 
surface EMG provides a measure of electrical activity in a 
muscle which is doubtless related to muscle contraction 
(Grossman & Weiner, 1966).
Sidowiki and Eason (i960) studied high- and low-trait 
subjects during learning by recording muscle action poten­
tials from the biceps and frontalis under conditions of 
induced muscular tension and incentive. The results indi­
cated low-anxious subjects were superior to high-anxious 
subjects at the learning task but only over early trials. 
Muscle action potentials decreased over trials for high- 
anxious subjects and increased for low-anxious subjects. 
High-anxious subjects may be better able to cope with their 
anxieties because they are constantly bombarded by anxiety
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producing stimuli and must learn to cope with them in order 
to function in society. As the task continued high-anxiety 
subjects lessened their anxiety and started to do better, 
while the low-anxiety subjects did better at the beginning 
of the task rather than at the end when their anxiety state 
had increased. Studies of Smith (1973) and Matus (197̂ -0 
support the use of frontalis EMG level as a measure of 
arousal that is related to trait anxiety and an exvia-invia 
factor of personality.
Weinberg (1972) conducted a unique study to investigate 
the differences between anxiety states of high- and low- 
trait-anxious subjects under threatening conditions in the 
performance of a tennis ball throwing task. He used several 
electromyographic recordings as well as performance during 
the test conditions to determine if differences in anxiety 
states were reflected in these measures. The experimental 
conditions which included failure feedback after 10 throws, 
created more anxiety in high-anxiety-trait as compared to 
low-anxiety-trait subjects. The four electromyographic 
variables investigated (anticipation, duration, persevera­
tion, sequence of muscle action) were able to discriminate 
between high- and low-anxiety-trait subjects.
Charles Fere, a French neurologist, discovered the 
electrodermal response in 1888. He found that he could 
cause changes in skin resistance by passing a small electric 
current through the skin. Three major theories have been 
offered to explain how the electrodermal response works —
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the muscular theory, the vasomotor hypothesis and the sweat 
gland hypothesis. However, the precise mechanism accounting 
for the activity remains unknown (Edelberg, 1972).
Electrodermal response may be measured by one of two 
techniques. The first technique, which is exosomatic, 
measures a change in resistance or impedance and is commonly 
referred to as basal skin response or BSR. The second is 
endosomatic known as the galvanic skin response or GSR which 
measures a change in potential. When the resistance method 
is utilized a small external current is driven through two 
electrodes placed on the skin surface. A voltage develops 
and the skin acts as a resistance. Various stimuli such as 
sound, heat and electrical shock, cause a rapid decrease in 
the voltage which signifies a fall in the skin resistance 
and an increase in activation. Ohm's Law is used to calcu­
late the apparent resistance (Edelberg, 1972).
Extensive research has been conducted to analyze indi­
vidual differences in electrodermal activity. Some results 
indicate that rate of spontaneous electrodermal activity 
increases considerably in response to threat of electric 
shock (Katkin, 1965, 1966) and individual differences in 
trait anxiety can predict the extent of autonomic responsive­
ness to a mild, ego-involving stress (Rappaport & Katkin, 
1972; Thayer, 1970). However, Weinstein et al. (1968) 
reported an overall lack of correlation between skin con­
ductance or heart rate and verbal anxiety measures when they 
reanalyzed six studies previously conducted in their lab.
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Several studies (Hirchman & Katkin, 1971? Katkin & 
McCubbin, 1972} Sostek, Katkin, & Sostek, 1972) have indi­
cated that electrodermal activity may be viewed as a per­
sonality variable that reflects individual differences in 
higher central processes involved in attending to and 
processing information. Electrodermal activity may there­
fore be a selective enhancer of effective central processes 
rather than a generalized arousal mechanism. This research 
gives considerable support to Fisher's (1976) statement that 
"GSR may be the most important psychophysiological measure 
in assessing levels of activation."
The electroencephalogram, a measure of electrical 
potentials of the brain detected by electrodes placed on the 
scalp, has often been used as an indicator of activation 
since Richard Caton identified it in I875. In response to 
various external stimuli the brain produces waves of differ­
ent frequency and amplitude. Three of the more common 
components of the EEG are alpha, beta, and theta waves. As 
arousal increases, alpha waves are replaced by beta waves; 
theta waves indicate the sleep end of the arousal continuum 
(Shagrass, 1972). DeGood and Valle (1975) collected data 
that suggested anxiety states and traits are both inter­
related with alpha density and concluded a state-trait 
approach to alpha phenomena might facilitate the clarifi­
cation of the relationship between physiological and 
psychological variables.
The heartbeat, as measured by an electrocardiogram or
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cardiotachometer, is one of the most dubious indicators of 
activation because it does not vary directly with the degree 
of arousal or emotional excitement (Lykken, 1968). There­
fore, it must be used as a measure of activation only in 
conjunction with other measurements (Fisher, 1976). Taylor 
and Epstein (196?) reported several studies that utilized 
heart rate as a measure of arousal but concluded that, 
because heart rate is a highly labile system which is 
subject to complex homeostatic controls and may be particu­
larly sensitive to anticipation and attention,it is likely 
to be a particularly poor measure of general arousal under 
many circumstances. However, Thayer (1970) found heart rate 
and skin conductance to be better predictors of verbal 
reports than muscle action potential and finger blood 
volume.
In sports and competitive situations, the level of skill 
of the individual may be an important mediating factor. Fenz 
and Epstein (1967) and Fenz and Jones (1972) found that skill 
level and quality of jump were mediating factors in arousal 
level of sport parachutists when heart rate and respiration 
were used as indices of arousal. Although novice and 
experienced jumpers showed increases in both physiological 
parameters prior to the jump, the latter group reduced 
their heart rate and respiration rate several minutes prior 
to the actual jump. However, when Basler, Fisher and Mumford 
(1976) investigated arousal (pulse rate and palmar sweating) 
and anxiety correlates of gymnastic performance in college
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women, they found no significant correlations between 
gymnastic performance and arousal and psychological anxiety 
measures.
Assessment of Anxiety by the State-Trait 
Anxiety Inventory
The State-Trait Anxiety Inventory (STAI) was developed 
by Spielberger, Gorsuch and Lushene (1970) to provide reli­
able, relatively brief self-report measures of both state 
(A-state) and trait (A-trait) anxiety. Since it became 
available in 1969» the scale has been used to measure state 
and trait anxiety in numerous studies. Current research 
indicates that the A-trait scale is highly correlated with 
other measures of trait anxiety, including the IPAT Anxiety 
Scale (Cattell & Scheier, 1963). and the Taylor (1953) 
Manifest Anxiety Scale (TMAS). The A-state scale is 
particularly useful in measuring changes in transitory 
anxiety in both laboratory and real life stress situations.
Research utilizing the STAI has identified two classes 
of stimulus situations (stressors) that produce differen­
tial A-state reactions in individuals who differ in A-trait. 
In general, psychological stresses that produce threats to 
self-esteem (ego-threats) evoke higher levels of A-state in 
high A-trait individuals than in persons low in A-trait 
(Hodges, 1967, Lamb, 1969). Differential elevations in 
A-state to evaluative threat (computer-assisted learning) 
have also been shown to influence performance (O'Neil,
1969; O'Neil, Hansen, & Spielberger, 1969? O'Neil,
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Spielberger, & Hansen, 1969), whereas situations involving 
physical danger (electric shock) do not appear to evoke 
differential A-state reactions in persons who differ in 
A-trait (Hodges, 196?; Katkin, 1965; Lamb, 1969)* In 
other words, both high and low A-trait individuals 
experience elevations in A-state under threat of physical 
danger.
Two studies (Hollingsworth, 1975; Slevin, 1971) have 
analyzed the effects of trait and state anxiety upon the 
performance of various motor tasks. Both found a high 
positive relationship between trait and state anxiety but 
conflicting results regarding performance and trait anxiety. 
Slevin (1971) utilized a modified fencing lunge task under 
conditions of an audience and competition and found that the 
low-trait-anxiety group performed significantly better than 
the high-trait-anxiety group under all of the experimental 
conditions. Although audience was not a variable, 
Hollingsworth (1975) found no significant differences 
between high- and low-trait anxiety subjects in the perform­
ance of a two-ball one-hand juggling task.
Forrest and Kroth (1971) investigated the relation­
ships between the Taylor M S  and STAI measures of anxiety 
and vascular indices of arousal. Blood pressures were 
recorded every 30 sec during a 20 min shock avoidance 
matching task. There were no differences between high- 
medium- and low-anxiety subjects as indicated by the psycho­
metric measures in pre-task blood pressure. A-state scores
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were found to relate to systolic blood pressures during 
the stressful task, as high-anxious subjects (on the A- 
state scale) had higher blood pressures than the other 
subjects. Diastolic blood pressure during the task was 
related to A-trait and Taylor MAS scores, as medium- 
anxiety subjects on these measures had lower pressures than 
either high- or low-trait-anxiety subjects.
Stocker (1973) found no evidence to indicate that a 
relationship existed between the psychological measures of 
anxiety, as measured by the state scale of the STAI, and 
the physiological measures of anxiety as measured by 
systolic and diastolic blood pressure and heart rate during 
five selected stages of the menstrual cycle in twenty 
undergraduate physical education majors. The simplicity 
of the task could be partially responsible for failure of 
this study to show any differences.
Assessment of Anxiety by the Sport 
Competition Anxiety Test
The Sport Competition Anxiety Test (SCAT) was developed 
by Martens (1977) to provide researchers with a reliable 
and valid method of measuring competitive trait anxiety. 
Items for the test are modifications of statements from the 
Taylor Manifest Anxiety Scale (1953). Spielberger (1973) 
State Trait Anxiety Inventory for Children (STAIC) , the 
General Anxiety Scales of Sarason et al. (i960) as well as 
original items developed by Martens. The author reported 
reliability coefficients of .77 for the test when data was
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analyzed by the test-retest method and .81 when the coeffi­
cient was computed by the analysis of variance procedure. 
Internal consistency, the degree to which the items in SCAT 
are interrelated, ranged from a low of .95 "to a high of .97 
for the six samples on which the factor was determined. 
Content or face validity was assessed by a group of six 
judges who were qualified researchers in sport psychology 
or motor learning. Concurrent validity, the relationship 
of SCAT to other personality constructs, was determined for 
the child's form of SCAT, SCAT-C, by correlating scores on 
SCAT-C with scores on the Children's Manifest Anxiety Scale 
Short Form (Levy, 1953)» the General Anxiety Scale for 
Children (Sarason, et al. , I960). The Trait Anxiety 
Inventory for Adults (TAI) developed by Spielberger et al. 
(1970) was used to establish the concurrent validity for 
the SCAT-A. Martens (1977) contends that, because all of 
the anxiety scales are nonspecific and SCAT is situation- 
specific, the low correlation coefficients establish the 
concurrent validity of SCAT-A and SCAT-C.
Construct validity has been determined by several 
studies (Martens, 1977» Martens & Gill, 1976; Scanlan, 
1975)* Scanlan (1975) investigated the effects of 
competitive trait anxiety and success-failure on the 
perception of threat in a competitive situation. High SCAT 
subjects had a larger increase in pre-competitive A-state 
than the low SCAT subjects (p> - .10) . There was no 
significant difference between the two groups for the
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post-competition difference score, however, high SCAT 
subjects showed a greater reduction in A-state than low 
SCAT subjects for the post-debriefing A-state score 
(p - .10). Subjects who had won only 20$ of their contests 
manifested greater increases in post-competition A-state 
than did the subjects who had won 5°% and 80$ of their 
contests. In addition subjects who had won 50% of their 
games showed greater increases in A-state than those who 
had won 80$ of their games. This latter group did not 
manifest a significant increase in A-state above their 
initial or basal A-state measurements. Similar results 
were found by Martens and Gill (1976).
Gill and Martens (1975) used a multiple regression 
analysis to determine the ability of sex, success-failure, 
task-type and SCAT to predict initial, pre-experimental 
anxiety, pre-competition, mid-competition and post-compe­
tition anxiety. SCAT was the only significant predictor 
for all four anxiety states. Success-failure was a signi­
ficant predictor for the latter two measures.
Several field studies have been conducted to determine 
the external validity of SCAT. Martens and Simon (1976b) 
studied the anxiety state of female volleyball players 
prior to and during a state volleyball tournament. The 
correlations between SCAT and the initial A-state measure 
as assessed by the STAI and between SCAT and pre-competitive 
A-state on the second day of the tournament prior to a 
quarter-final or semi-final match was significant (p -.01).
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Subjects did not increase substantially from the initial 
A-state to either of the two pre-competitive anxiety 
states. This suggests that the players' anxiety states 
were elevated prior to the actual competitive event and 
remained relatively unchanged.
Martens and Simon (1976b) also assessed changes in 
anxiety states of students enrolled in a regular boxing 
class. The course was highly competitive as grades were 
partially determined by the number of contests won. The 
non-competitive A-state measure was determined at the 
beginning of the course using the SAI and pre-competitive 
A-states were assessed near the end of the course, prior 
to the contests that affected each subject's grade. Results 
of this study revealed that A-states increased substantially 
from the non-competitive to the pre-competitive A-state. 
Differences in results between the two studies were 
attributed to the differences in samples and field 
conditions.
In an effort to determine if the measure of A-state- in 
competitive situations was partly responsible for the diff­
erent results obtained, Martens and Simon (1976b) utilized 
a competitive short form of the SAI and investigated the 
relationship between SCAT and A-states in competitive and 
non-competitive situations involving female interscholastic 
basketball players. Basal anxiety state was assessed three 
days prior to the subjects' next game. This procedure was 
followed to allow researchers to obtain a better baseline
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measure of A-state. The pre-competitive A-state scores 
were obtained at courtside immediately preceeding a regular 
season game. A-state scores increased substantially from 
the non-competitive to the pre-competitive situation. The 
correlation coefficient between SCAT and the two A-state 
scores increased from .28 in the non-competitive situation 
to .73 in the pre-competitive situation.
Simon and Martens (1977) investigated the A-state 
reactions of the same basketball players previously men­
tioned, to an S-R anxiety inventory containing 12 different 
situations which increased in degree of threat. Some of the 
situations occurred prior to competition while others 
described situations during and after competition.
Although SCAT did not predict A-state as threat increased, 
this study supports the use of SCAT as a predictor of 
A-states in pre-competitive and competitive situations but 
not in post-competitive situations.
Martens and Simon (1976a) compared three predictors of 
state anxiety, SCAT, TAI, and coaches' ratings of players 
competitive A-trait, in order to determine how well each 
predicted the players' A-state in both non-competitive and 
competitive situations. TAI was a better predictor of pre- 
competitive A-state than the coaches' rating but SCAT was 
superior to the other two in predictability.
Scanlan and Passer (1976) assessed A-state of 11-12 
year old youth soccer players using the SAIC and determined 
the relationship between competitive A-trait as measured by
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the SCAT. SCAT significantly predicted basal A-state prior 
to the season and pregame A-state, but not the postgame 
A-state. When the A-states of winners and losers were 
compared it was determined that winning players had a lower 
A-state than losing players after the game, when the basal 
A-state, pregame A-state and SCAT were used as covariates. 
Relationship of Anxiety Level to 
Competitive Performance
Several studies (Cox, 1966, 1968; Ganzer, 1968;
Martens, 1969; Martens & Landers, 1969> Quarter & Marcus, 
1971; Vaught & Newman, 1966) have investigated the rela­
tionship between anxiety level and performance under compet­
itive conditions, but have failed to yield consistent 
results. Ganzer (1968) and Cox (1966, 1968) found low- 
anxiety subjects performed better under audience conditions 
than did high-anxiety subjects when the task involved 
learning nonsense syllables and marble dropping respectively. 
However, Martens (1969) and Quarter and Marcus (1971) found 
no interaction between anxiety level and performance under 
audience conditions when subjects performed a coincident 
timing task and a digit span test respectively. Vaught and 
Newman (1969), however, did find low-anxiety subjects made 
fewer errors than high-anxiety subjects on a motor steadi­
ness task when competition was a factor. In contrast,
Martens and Landers (1969) found no interaction between 
anxiety level, competition and failure. The failure of 
these studies to find consistent results appears to be
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related to procedural differences such as different anxiety 
scales, tasks, and subjects.
Relationship of Success-Failure to 
State Anxiety during Competition
Research relating success-failure to state anxiety has 
produced more consistent findings than the research relating 
performance to state anxiety. The degree of success or 
failure experienced during competition has been shown to be 
one situational variable that affects an individual's 
perception of threat and subsequently the person's anxiety 
state. Two laboratory studies (Martens & Gill, 1976; 
Scanlan, 1977) involving competition between individuals on 
a maze task and psychological self-report inventories, SCAT 
and SAI, reported that significantly higher state anxiety 
or perceived threat is elicited after failure than after 
success. Gill and Martens (1977) examined the role of task 
type and success-failure in group competition utilizing 
the same task but paired subjects with a partner of the 
same sex and grade. The results supported the findings of 
Martens and Gill (1976) and Scanlan (1977).
Summary
One of the most puzzling aspects of arousal research 
has been the failure of psychological and physiological 
indices to correlate significantly when an individual is 
placed in a stressful situation. Most research assumes a 
positive linear correlation exists between the two types 
of parameters and, when results have not supported this
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assumptioni data have been statistically transformed or 
rationalizations given for the unexpected results. These 
conflicting results should not be surprising when factors 
such as response specificity, stimulus-response specificity, 
emotional specificity and the individual's ability to psyche 
himself up or down are considered.
The four physiological measures most frequently used in 
arousal research are blood pressure, heart rate, respira­
tion rate and electrical skin conductance (Levitt, 1955)- 
In addition to these parameters others cited in the litera­
ture reviewed include: EMG, EEG, finger blood volume and
palmar sweating. Of particular interest is the fact that 
no one measure has been identified as the best single 
indicator of arousal. The correlation between A-state and 
A-trait has been shown to vary depending upon the nature 
of the task and the type and amount of stress that charac­
terized the conditions under which the A-state scale was 
administered. In general, larger correlations were obtained 
if the experimental situation posed some threat to self­
esteem. Changes in A-state caused by threat of physical 
danger were apparently unrelated to level of A-trait.
Although only recently developed, SCAT has been shown 
to be an adequate instrument for identifying competitive 
trait anxiety. Success-failure, task type and time of- 
administration in relationship to the competitive task are 
factors that influence its predictive ability. Most of the 
research has shown that SCAT is a significant predictor of
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pre-competitive and competitive A-state but not post-compet­
itive A-state.
Previous research indicates that competition induces 
threat to self which is ultimately manifested in state 
anxiety. Competitive trait anxiety as measured by the SCAT 
as well as general trait anxiety are two intrapersonal 
factors that lead to differential perception of threat, 
while success-failure is an important situational factor 
that determines A-state reactions.
The equivocality of the research cited above indicates 
a need for further study to clarify the relationship 
between the psychological and physiological manifestations 
of anxiety during the performance of an individual in a 
competitive situation. The present study was initiated to 
attempt to clarify further the psychological and physiolog­
ical measures of anxiety and their relationship. Its 
uniqueness lies in the combination of task type (video game),
r
type (including state, trait, and competitive trait) of 
psychological self-reports and the number of physiological 
variables (EEG, EKG, EMG, and heart rate) that were 
recorded simultaneously.
Statement of the Problem 
If sport psychologists are to provide practical 
information to sport participants and coaches, the precise 
measurement of anxiety states and interpretation of their 
influence on sport performance is essential. Of particular 
importance is the assessment of differences in A-state that
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fall in the middle of the A-state continuum (Martens, 1977)* 
The present study proposed to investigate the differences in 
physiological responses of high- and low-trait-anxiety 
college women prior to and during a competitive task in 
which subject anxiety was manipulated and hopefully 
increased by using a confederate to establish a losing 
situation and modifying the task in the middle of the 
competitive period by increasing the speed of the ball.
The study attempted to determine whether differences 
in anxiety states, as assessed by a paper and pencil 
questionnaire (SAI), prior to and after competition were 
reflected in electromyographic, electroencephalographic, 
heart rate and basal skin responses 5 prior to compe­
tition, during a 5 roin period in which the ball in a 
video game moved at a slow speed and a 5 min period in 
which the ball moved at a fast speed. Also investigated 
was the A-state predictive ability of SCAT under two 
different situations, 1 , 2 , or 3 days prior to competi­
tion and immediately prior to competition.
Research Hypotheses
Based on the literature reviewed, it is hypothesized
that s
1. Correlations among the psychological variables will 
be low for both high- and low-trait-anxiety subjects with 
the exception of the two administrations of SCAT which 
should be highly correlated.
2. Correlations among the psychological variables will
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be low to moderate for the combined sample except for the 
two administrations of SCAT which should be highly 
correlated.
3. Correlations among the physiologicarl variables will 
be high across treatment conditions but low between the 
dependent variables for both high- and low-.trait-anxiety 
subjects.
4. Correlations between the psychological variables 
and physiological variables will be moderate to high for 
both high- and low trait-anxiety subjects as well as the 
combined sample.
5 . There will be a significant linear trend for the 
three physiological variables across treatment conditions 
for both high- and. low-trait-anxiety subjects.
6 . As compared to low-trait-anxiety subjects, high- 
trait-anxiety subjects will perceive the losing competitive 
situation as more of a threat to self-esteem and therefore 
will respond to both playing situations (slow ball speed 
and fast ball speed) with a significantly greater increase 
in EMG activity, heart rate, and EEG and decreased BSR.
7. High-trait-anxiety subjects will have significantly 
higher baseline values for EMG, EEG, and heart rate and 
lower baseline values for BSR than low-trait-anxiety 
subjects.
8 . Competition will be viewed as a social evaluative 
situation and therefore high-trait-anxiety subjects will 
score significantly higher than low-trait-anxiety subjects
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on the pre-competitive administration of the SAI.
9. Losing will be viewed as a threat to self-esteem 
and therefore high-trait-anxiety subjects will score 
significantly higher than low-trait-anxiety subjects on 
the post-competitive administration of the SAI.
10. High-‘and low-trait-anxiety subjects will score 
significantly higher on the post-competitive than .the pre- 
competitive administrations of the SAI.
11. High-trait-anxiety subjects will score signifi­
cantly higher than low-trait-anxiety subjects on both 
administrations of the SCAT.
12. Although SCAT is a measure of competitive trait 
anxiety and should not yield significantly different scores 
from one administration to the next, it is hypothesized 
that there will be a significant difference between the two 
administrations of the test because of the difference in 
testing conditions (1 , 2 , or 3 days prior to competition vs. 
immediately prior to competition).
Operational Definitions
Level of Arousal. The term implies that one's level of 
activation varies from a low point during sleep to a high 
during extreme effort or great excitement (Alderman, 197^)•
Trait Anxiety (A-trait). This term refers to the 
"relatively stable behavioral differences of individuals in 
responding to situations that are perceived as threatening 
with elevations in anxiety state intensity" (Spielberger 
et al., 1970).
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Competitive Trait Anxiety. This term refers to the 
"tendency of an individual to perceive competitive situa­
tions as threatening and to respond with feelings of appre­
hension or tension" (Martens, 1977)*
State Anxiety (A-state). This term refers to the 
"transitory, emotional state of an individual that is 
characterized by subjective, consciously perceived feelings 
of tension and apprehension and heightened autonomic 
nervous system activity" (Spielberger et al., 1970).
Low-trait-anxious. In this study the term referred to 
the subjects scoring 31 or lower on the STAI A-trait scale.
High-trait-anxious. In this study the term referred to 
the subjects who scored 45 or higher on the STAI A-trait 
scale.
Video game. This term refers to a system featuring 
different action ball games which are played on a tele­
vision set. The game used in this study had three inde­
pendent controls, to allow players to regulate speed of 
ball, bat size and deflection angle.
Assumptions
As related to this study, the following assumptions 
were made:
1. The level of state and trait anxiety can be 
ascertained by a paper and pencil test. It is assumed that 
subjects could identify their feelings of anxiety and were 
willing to honestly report these feelings.
2. The motivating instructions which were read just
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prior to competition constituted a source of ego involve­
ment, thus subjects cared about the outcome of the competi­
tion .
Limitations
Unique to this study were the following limitations:
1. The accuracy of the physiological measures was 
limited by the equipment used.
2. The study was not conducted in a shielded room.
3. Although all subjects lost at least 60% of the 
games played, the rate of losing was not held constant.
4. Subjects were tested at varying times of day.
Significance of the Study
The primary reason coaches and sport participants are 
interested in an individual's level of arousal is to under­
stand how it facilitates or impairs performance. Although 
considerable research has been conducted by psychologists 
on the topic of anxiety, very little applied research in 
sport-related situations has been completed. From the 
literature reviewed, general assumptions might be made in 
regard to effects of arousal level on athletic performance. 
Anxiety can be facilitative to a certain level which varies 
among individuals; beyond this level anxiety becomes inhibi- 
tive depending on the complexity of the task. Performance 
in sports which involves complex mental and physical inter­
actions and task integrations tends to be adversely affected 
by a high level of arousal. However, individuals wishing to 
facilitate performance of motor skills that are well-learned
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may find the presence of an evaluative audience helpful.
According to Martens (1977)» "if sport psychologists 
are to provide the type of information that will be of 
practical value to the sport participant the measurement 
obstacle must be overcome." It is evident from the litera­
ture that the relationships among anxiety level, performance, 
and competitive conditions are not clearly understood.
Because previous experimental research has not provided 
information to adequately explain the relationship between 
physiological and psychological measures of arousal, 
especially in competitive situations, the present study 
was conducted in hope of determining the interrelationship 
of psychological and physiological responses of arousal 





Subjects for this study were 30 undergraduate female 
students enrolled in the physical education laboratory 
courses at Southeastern Louisiana University, Hammond, 
Louisiana. The students were randomly selected from a 
subject pool of,..58 low-trait-anxiety and 37 high-trait- 
anxiety individuals. The population from which the sample 
was drawn consisted of 216 females who consented to take 
the A-trait scale of the STAI (Spielberger et al., 1970). 
Means and standard deviations for the total group are 
presented in Appendix B.
Individuals scoring at or above the 80th percentile 
(raw score of ^5 or higher) on norms for college women 
established by Spielberger et al. (1970) were classified 
as high-trait-anxious for this study. Those scoring at the 
20th percentile or lower (raw score of 31 lower) com­
prised the low-trait-anxious group. A-trait means and 
standard deviations of the 15 low-trait-anxiety and 15 high- 
trait-anxiety subjects selected into the study appear in 
Appendix B.
Instrumentation 
Basal Skin Resistance (BSR)
Sustained changes in basal skin resistance were recorded
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with a Narco DMP - 4 physiograph. Skin response signals 
were obtained with the GSR (Galvanic Skin Response) Pre­
amplifier set in the direct coupled mode to permit subject 
resistance to be balanced out and read directly on the 
calibrated dial. A soft lead (Pb) sensing electrode was 
secured with adhesive tape around the index finger of the 
non-playing hand, as illustrated in Figure 1 on page 32.
The ground electrode was a plate electrode attached by a 
rubber strap to the subject's mid-forearm and applied with 
electrode paste.
Recordings were made as reactions of the autonomic 
nervous system to the competitive situation caused the 
pen to deflect. When more than one change was recorded 
during a 30-sec time interval the average of the multiple 
readings was used in the data analysis as the score for that 
particular period.
Heart Rate
Changes in heart rate were also recorded on the Narco 
DMP - 4 physiograph with the hi-gain preamplifier set in 
the EKG position and chart speed at .5 cm/sec. Figure 2 
on page 32 illustrates the position of the two plate 
electrodes that were applied to the abdominal area of the 
subject by a rubber strap. At the recommendation of the 
manufacturer, the ground wire was not attached because 
subject was previously grounded to monitor BSR. Heart 
rate for each of the 30-sec time intervals was used in the 
data analysis.
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Figure 1. BSR electrode configuration
Figure 2. Heart rate electrode configuration
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Electromyographic Data (EMG)
Electromyographic data of the frontalis muscle was 
recorded with the Myosone 401 EMG monitor manufactured by 
Bio-Logic Devices Incorporated shown in Figure 3* page Jk. 
The electrical activity originating in the frontalis 
muscle was amplified, filtered of extraneous fields and 
signals by the Myosone 401 and then translated on a visual 
meter. The meter readings were recorded using a Panasonic 
WV - 3^0P television camera and JVC CR-6300U videocassette 
recorder. An audio signal given by the experimenter and 
recorded simultaneously on the videocassette permitted the 
synchronization of BSR, heart rate and EMG responses 
throughout the testing period.
Three disc electrodes were arranged laterally over 
the frontalis muscle as shown in Figure k, page 35* and 
held in' place by a rubber holding band. The two signal 
electrodes were placed above the midpoints of the eyebrows 
and the reference electrode was placed above the nose, 
midway and in line with the other two electrodes. Paste 
was applied to all three electrodes. The feedback mode was 
switched to threshold, the sensitivity to 100 uV, function 
to operate, line rejection to off, and volume control was 
turned to off. Average EMG values were videotaped through­
out the testing period, however, for data analysis the 
average of six readings at 5 sec intervals over a 30-sec 
time interval was used.
Figure 3. EMG and EEG monitoring equipment
Figure EMG electrode configuration
Figure 5. EEG electrode configuration
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Electroencephalographic Data (EEG)
Alpha brainwave activity was monitored with the 
Biosone II Brainwave Monitor shown in Figure 3» page 34.
The instrument detects, amplifies, selectively filters and 
translates minute alpha brainwave signals to one of three 
feedback indicators. Two disc electrodes and an earclip 
electrode were used to pick up .microvolt brainwave activity 
at the occipital region of the scalp. Paste was applied to 
all three electrodes. One disc electrode was placed on the 
occipital area of the head after the hair was parted. The 
ear clip was attached to the right ear lobe and the 
reference electrode was placed over the right temporal 
area as shown in Figure 5» page 35 (Bailin, 1978).
The function switch was set in the operate position, 
filter switch to alpha feedback, sensitivity to 30 uV , 
feedback in threshold mode, and volume control was turned 
off. The PTC 702 Percent Time Computer manufactured by Bio- 
Logic Devices Incorporated shown in Figure 3* page 3^* was 
employed as a scoring device to compute the percentage of 
time the electroencephalographic variable exceeded the pre­
selected value of 30 uV in a 30-sec time interval. The 
reset button was pushed at the end of each 30-sec time 
interval to initiate another timing cycle.
State Trait Anxiety Inventory (STAI)
Spielberger et al. (1970) presented evidence of the 
content, concurrent and construct validity of the STAI.
Their claims of high test-retest reliability for the
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A-trait scale (values ranged from .73 to .86) and low test- 
retest reliability for the A-state (values from .16 to . 
have been subsequently supported by others (Joesting, 1975? 
Joesting & Whiteside, 1977» Newmark, 1972; Nixon &
Steffech, 1977)* Levitt (1967) examined the major 
clinical instruments used to assess anxiety and concluded 
that the STAI was the most carefully developed and sophis­
ticated anxiety assessment instrument from both the theo­
retical and methodological standpoints and urged its use in 
future anxiety research. Because of these excellent 
credentials the TAI was selected for use in this study 
to identify high- and low-trait-anxiety subjects and the 
SAI was used to measure state anxiety before and after 
competition in the video game. The SAI, TAI,. and instruc­
tions read prior to administering the TAI appear in 
Appendix A .
Sport Competition Anxiety Test (SCAT)
Because the present study involved a competitive task, 
and the Sport Competition Anxiety Test (see Appendix A) 
(Martens, 1977) has been shown to be a reliable and valid 
predictor of competitive anxiety state, the SCAT was given 
to subjects in this study. SCAT was given during the 
initial visit as well as just prior to competition in an 
effort to determine if a relationship existed between the 
physiological parameters, the SAI scores, as well as the 
TAI scores. SCAT was administered under two conditions,
1 , 2 , or 3 days prior to competition and immediately prior
to competition, to determine if time of administration 
influenced its predictive ability.
Competitive Task
The competitive task was performance in an electronic 
tennis game. The task required subjects to sit facing a 
13" diagonal television screen. A remote control knob was 
held in the left hand and the top of the knob was turned 
with the right hand in order to hit an electronic ball to 
the opponent (confederate) using an electronic paddle. The 
playing position of the hands is illustrated in Figure 1, 
page 32. Points were scored by a player when the opponent 
failed to return the ball. An APF model ^42 TV Fun Game 
manufactured by Electronic Incorporated was used to trans­
mit the tennis game on the television screen. The bat size 
and reflection angle controls were switched to the amateur 
setting for both playing conditions. Following the base­
line period, subjects played 5 min with the ball moving at 
the amateur speed (slow) and 5 roin with the ball moving at 
the professional speed (fast). The confederate operated 
the reset button to start each game played during the 
experimental period. The winner of a game was the first 
player to score 15 points.
Procedure
Each of the 30 'Subjects selected for the study 
reported to the research site shown in Figures 6 and 7, 
page 39i and was informed of the testing procedures. This 
was done in an effort to keep anxiety associated with the
Figure 6. Testing laboratory
Figure 7- Testing laboratory
experimental situation to a minimum. During the visit to
the laboratory subjects responded to the SCAT. After all 
electrodes were connected, the subject practiced the video 
game until the criterion for learning established by the 
experimenter of returning the ball three times in succes­
sion without error at the slow ball speed was met.
Within three days after the initial visit the subject 
returned to the laboratory to be monitored in the compet­
itive situation. The subject was requested to cleanse the 
forehead with an alcohol prep pad. Electrode paste was 
applied to all electrodes except the soft lead electrode 
that monitored BSR and they were attached as previously 
described.
When all electrodes were in place subjects responded 
to the SAI followed by the SCAT as suggested by Martens 
(1977). The following instructions were then read to the 
subject:
In a few minutes you will begin playing the 
video game. You will play for a period of 10 min, 
5 min with the ball moving at amateur rate and 5 
min at the professional speed. The winner will 
be determined by the number of games won in the 
10 min period. Prizes will be awarded after all 
30 subjects have completed playing. The person 
winning the greatest number of games will 
receive a $50*00 savings bond. Other prizes to 
be awarded based on the percentage of games won 
include: dinner for two at the Firelighter
Restaurant, dinner for two at Murphy's Restaurant, 
dinner for two at Sammy's Restaurant, dinner for 
two at JacMel, a hair cut and hair analysis, an 
8 X 10 color self portrait or either one of a 
friend by Margaret Hawkins, two tickets to the 
Ritz Cinema, 10 games of free bowling, two 
8-track stero tapes or stereo albums from the 
Railroad Records. Any subject who wins more than
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kO% of the games played today will be allowed to 
draw from the hat immediately after playing for a 
variety of additional prizes. Do you have any 
questions before you begin playing? Please close 
your eyes for about 5 niin while I determine a 
baseline for your responses.
At the end of the 5 min baseline period subjects 
began playing a tennis video game at the slow speed for a 
period of 5 min followed by a 5 min fast ball speed 
playing period. The game equipment was operated by a 
female confederate who competed against each of the 
subjects and recorded the winner of each game. The 
confederate had played a total of 156 games during the 
preliminary testing period in which experimental procedures 
were determined and refined. The skill of the confederate 
enabled her to control winning and losing.
The score for each game appeared on the television 
which permitted each subject to know if she was winning or 
losing any given game. Subjects were allowed to talk while 
playing and the confederate commented when appropriate but 
never initiated communication with a subject.
The pre-determined pattern for the competitive 
situation was for the confederate to win the early games 
but keep the game score close. Subjects were permitted to 
win several games during the middle of the competitive 
situation with the confederate winning games played at the 
end. Although the rate of losing was not constant and the 
percentage of games won varied (19%> - kQ%) among subjects, 
all subjects lost at least 60% of the games played.
A losing competitive situation was selected because
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previous research has indicated failure increases state 
anxiety. Immediately following competition, subjects 
received specific failure feedback; i.e., "you played seven 
games and won just two." The subjects were then asked to 
respond to the SAI again indicating how they felt knowing 
they had lost and were not eligible for an immediate 
reward but would still be considered for the other rewards 
mentioned earlier.
Data Analysis
A 13 X 13 intercorrelation matrix of the nine physio­
logical variables and four psychological variables was 
calculated for each anxiety trait group as well as the 
total sample to determine which of the 13 dependent 
variables were significantly (p - .05) related to each 
other.
The correlation coefficients between TAI and each of 
the psychological anxiety scales used as dependent variables 
were also determined for each trait-anxiety group as well as 
the total sample.
t. 2 (trait anxiety group) X 3 (treatment conditions) X 
10 (30-sec time intervals) MANOVA with repeated measures on 
the last two variables was performed to determine if 
differences existed between the two anxiety trait groups 
across the competition period. The three physiological 
parameters (EMG, BSR, heart rate) were used as dependent 
variables. The Wilks lambda criterion was employed to test 
the null hypotheses examined in the MANOVA procedure.
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Duncan's multiple range post hoc test was used to determine 
which means were significantly different.
A stepwise regression analysis was performed to 
determine if a significant linear, quadratic or cubic 
trend existed across the 10, 30-sec time intervals for each 
treatment condition on the three dependent variables.
A 2 (trait anxiety groups) X 2 (state anxiety 
measures) factorial design was used to determine if high- 
and low-trait-anxiety groups differed in response to the 
SAI paper-pencil questionnaire before and after competition.
Another 2 (trait anxiety groups) X 2 (competitive trait 
anxiety measures) design was used to determine if high- and 
low-trait-anxiety groups differed in response to the SCAT 
paper-pencil questionnaire 1 , 2 or 3 days prior to competi­
tion and immediately prior to competition.
The following null hypotheses were tested at the .05 
level of confidence.
1. There will be no significant correlations between 
the psychological anxiety scales administered to high-trait- 
anxiety subjects.
2. There will be no significant correlations between 
the psychological anxiety scales administered to low-trait- 
anxiety subjects.
3. There will be no significant correlations between 
the four physiological measures of anxiety (EMG, EEG, BSR, 
and heart rate) for the high-trait-anxiety subjects.
4. There will be no significant correlations between
Zj4
the four physiological measures of anxiety (EMG, EEG, BSR, 
and heart rate) for the low-trait-anxiety subjects.
5* There will be no significant correlations across 
treatment conditions for the high-trait-anxiety group.
6 . There will be no significant correlations across 
treatment conditions for the low-trait-anxiety group.
7. There will be no significant correlations between 
the psychological anxiety scales and the physiological 
measures of anxiety for the high-trait-anxiety group.
8. There will be no significant correlations between 
the psychological anxiety scales and. the physiological 
measures of anxiety for the low-trait-anxiety group.
9. There will be no significant correlations between 
the psychological anxiety scales when the two groups are 
combined.
10. There will be no significant correlations 
between the psychological anxiety scales and the physiolog­
ical measures of anxiety when the two groups are combined.
11. There will be no significant linear, quadratic or 
cubic trend across the 10, 30-sec time intervals for the 
four dependent variables during each of the three treatment 
conditions.
12. There will be no significant differences between 
the EMG, EEG, BSR and heart rate responses of the high- and 
low-trait-anxiety subjects during the three treatment 
conditions.
13. There will be no overall treatment conditions
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effect for each of the physiological measures, EMG, EEG, 
BSR and heart rate.
14. There will he no overall group by treatment 
condition interaction.
15- There will be no significant differences between 
scores of the high- and low-trait-anxiety subjects on the 
pre-competitive administration of the SAI.
16. There will be no significant difference between 
the scores of the high- and low-trait-anxiety subjects on 
the post-competitive administrations of the SAI.
17. High- and low-trait-anxiety subjects will not 
score significantly higher on the post-competitive than 
the pre-competitive administrations of the SAI.
18. There will be no significant difference between 
scores of the high- and low-trait-anxiety subjects on the 
SCAT administered 1, 2, or 3 days prior to competition.
19. There will be no significant difference between 
scores of the high- and low-trait-anxiety subjects on the 
SCAT administered immediately prior to competition.
20. There will be no significant difference between 




The primary purpose of this investigation was to 
examine the interrelationships in a competitive situation 
among four physiological measures (EMG, BSR, EEG, and heart 
rate) and two psychological measures (SCAT, SAI) of arousal 
of females who differed in trait anxiety. EEG data were 
contaminated because of subject movement and therefore 
were not reported or discussed. Physiological measures 
were taken across 10, 30-sec time intervals for a period of 
15 min. This 15 min period was divided into three sessions, 
baseline (no competition), slow ball speed and fast ball 
speed (competition in a video game). By employing a 
confederate skilled in playing the video game, the experi­
menter was able to control winning and losing, so that all 
subjects lost at least 60$ of the games played. The perr- 
centage of games lost ranged from a low of 60$ to a high of 
81$. Subjects were designated as either high- or low-trait 
anxious on the basis of their scores (high-anxious - 45, 
low-anxious - 31) on the Spielberger et al. (1970) TAI.
The results of the correlations among the physiological 
and psychological responses of the high- and low-trait- 
anxious subjects are presented in the following section. 
Correlations among the Dependent Variables
The correlation coefficients among the 13 dependent
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variables for the high-trait-anxiety (N = 15) and low- 
trait-anxiety (N = 15) subjects, as well as the total 
sample (N = 30) are presented in Appendix B, Table B-3, 
p. 93, B-4, p. 94, and B-5, p. 95, respectively. An 
examination of the intersubject correlations between the 
anxiety scales, (see Table 1 and Table 2, p. 48) reveals 
that in general they were low, and, with the exception of 
three correlations, were not significant. The significant 
(]d < .01) correlations between the first administration 
(SCAT^) and second administration (SCAT2) of SCAT were .81 
for the low-trait-anxiety subjects and *91 for the high- 
trait-anxiety subjects. The only other significant 
correlation (r = .54, p <.05) was between SCAT^ and the 
pre-competitive SAI of the low-trait-anxiety subjects.
When scores on the anxiety scales for the high- and 
low-trait-anxiety subjects were combined and inter­
correlated, all of the correlations were significant except 
one, between SCAT^ and the pre-competitive SAI (p> <.05) and 
this r approached statistical significance (j)<.06), (see 
Table 3> P- 49)* Of particular interest were the signi­
ficant correlations obtained between the TAI and the two 
administrations of SCAT in view of the failure of TAI to 
correlate significantly with either administration of SCAT 
when the two anxiety groups were considered separately. 
However, the size of the r's are not really very different 
and the difference can be accounted for by the small N 
and/or lack of variability of the sample. The correlations
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Table 1
Intercorrelation Matrix of Anxiety Scales 
of Low-Trait-Anxiety Subjects
Anxiety Scale (1) (2) (3) (4) (5)
1. TAI .20 .43 .23 • 35
2 . SCAT1 .8la • 37 .46
3. SCAT2 • 54b .48
4. Pre-competitive SAI .32
5. Post-competitive SAI
ar .01, df 13 = .64
b£ .05, df 13 a .51
Table 2
Intercorrelation Matrix of Anxiety Scales
of High-Trait-Anxiety Subjects
Anxiety Scale (1) (2) (3) (4) (5)
1. TAI .41 .35 .26 .02
2 . S C A ^  . 91a .14 .19
3 . scat2 .13 .25
4. Pre-competitive SAI .50
5 . Post-competitive SAI
ar .01, df 13 = .64
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Table 3
Intercorrelation Matrix of Anxiety Scales 
of Total Sample
Anxiety Scale (1) (2) (3) (4) (5)
1. TAI .44b • 59a .4lb .39b
2. SCAT1 00 00 p •35 .39b
3 . scat2 1—1-=f .45a
4. Pre-competitive SAI .48a
5 . Post-competitive SAI
ar .01 df 28 = .46 
br .05 df 28 = .36
between TAI and the pre-competitive SAI (r = .41) and the 
post-competitive SAI (r = .39) measures of anxiety were 
also significant (£ <.05).
The significant (£<.0001) correlation coefficient 
between the first and second administrations of SCAT was 
.88. Although the correlation between the first admini­
stration of SCAT and the pre-competitive SAI only 
approached statistical significance (£<.06), a significant 
correlation (r = .39* E <»05) was found between SCAT^ and 
the post-competitive SAI. The second administration of 
SCAT, which was given immediately prior to competition was
significantly related to both the pre-competitive (r = .41,
£ < . 05) and post-competitive SAI (r = .45, £<.01). A
significant correlation (r = .48, £ < . 007) was found
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between the two administrations of the SAI.
Correlations between the physiological variables were 
also low and nonsignificant for each anxiety trait group 
(high vs. low). Significant correlations (pC.Ol) among 
the means of trials for the three treatment conditions 
(baseline, slow ball speed, and fast ball speed) for both 
A-trait groups were found for each of the physiological 
variables with the exception of EMG at baseline with EMG 
at fast ball speed for the low-trait-anxiety group. The 
correlation between EMG measures at baseline and at slow 
ball speed for the high-trait-anxiety group was significant 
at the p < .05 level. The post-competitive SAI of the high- 
trait-anxiety group was the only psychological variable to 
show a positive significant relationship (p<.05) with 
any of the physiological variables. However, the associ­
ation was found with only one physiological variable, EMG. 
Differences in Physiological Responses of High 
and Low Trait Anxiety-Subjects
A 2 (trait anxiety groups) X 3 (treatment conditions)
X 10 (30-sec time intervals) factorial design MANOVA was 
used to evaluate the differences for the three dependent 
variables, EMG, BSR, and heart rate during the competitive 
period. The Wilks lambda criterion was employed to test 
the hypotheses. A summary of these data and the univariate 
ANOVA is present in Table 4, page 51* In addition a 
graphic comparison of changes in the three dependent vari­
ables across the 10 time intervals for the three treatment
Table 4
MANOVA and Univariate ANOVAS on the Physiological Dependent Variables
ANOVAS
MANOVA HR BSR EMG
Source df F df F df F df F
High vs. Low 
Anxious (A) 3,26 0.41 1,28 0.05 1,28 1.26 1,28 0.01
Conditions
(C) 6,108 14.75* 2,56 30.37* 2,56 21.48* 2,56 10.10*
Time Intervals 
(T) 27,2202 4.62* 9,756 1.15 9,756 11.71* 9,756 1.65
A X C 6,108 0.80 2,56 2.08 2,56 0.24 2,56 0.16
A X T 27,2202 0.87 9,756 1.49 9,756 0.06 9,756 1.03
C X T 54,2247 4.73* 9,756 5 -68* 9,756 7.29* 9,756 1.00
A X C X T 54,2247 0.62 9,756 0.80 9,756 0.38 9,756 0.67
*£ < . 01
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conditions is presented in Appendix C.
The null hypotheses were rejected for time intervals, 
F(27, 2202) = 4.62, £<.0001; treatment conditions,
F(6 , 108) = 14.75* £<-0001; and treatment conditions X 
time intervals, F(5^, 2247) = 4.73* £<.0001. A follow-up 
examination of the three univariate AN0VA for each 
dependent variable (EMG, BSR and heart rate) (see Tables 
B-6 , B-7, B-8 , Appendix B, pp. -96-98 respectively 
revealed that there was a significant treatment condition 
effect for heart rate, F(2,56) = 30-37* £<.0001, BSR,
F(2, 56) = 21.48, £ <  .0001, and EMG, F(2, 56) = 10.10,
p <.0002.
Duncan's multiple range test was used to determine 
where significant differences existed for the three treat­
ment conditions (baseline, slow ball speed and fast ball 
speed) on each of the physiological variables. Anxiety as 
measured by EMG, BSR, and heart rate increased from the 
baseline to the period during which the ball moved at a 
slow speed and from the baseline to the period during which 
the ball moved at a fast speed. However, heart rate was 
the only parameter that increased from the slow ball speed 
to the fast ball speed. Means used in the Duncan analysis 
are presented in Appendix B, Table B-9, p. 99*
Further examination of the univariate ANOVA on the 
three dependent variables showed that BSR was the only 
dependent variable with a significant time interval effect, 
F(9,756) = 11.71, £ < . 0001.
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Two dependent variables had a significant treatment 
conditions X time intervals interaction, heart rate,
F(9, 756) = 5 -68, £<.0001, BSR, F (9, 756) = 7.29, £ <  
.0001. The interaction for heart rate and BSR are graphed 
in Figure 8 and Figure 9, pages 5^ and 55 respectively.
The significant interaction occurred at the first and 
second time interval for heart rate and at the second time 
interval for BSR. These results indicate that during the 
early phase of competition at the slow ball speed, anxiety 
as measured by heart rate and BSR was higher than during a 
similar time period when the ball was moving fast. The 
relevance of these results to this study is negligible in 
view of the interest in determining if differences existed 
between high- and low-trait-anxiety subjects.
In order to determine the nature of the change in the 
three physiological variables across the 15 min experi­
mental period, a stepwise regression analysis was performed. 
The linear, quadratic and cubic components were tested with 
EMG, BSR, and heart rate as dependent variables and the 
linear, quadratic and cubic components of time (10, 30-sec 
time intervals) as the dependent variables. This basic 
analysis was repeated for the high- and low-trait-anxiety 
groups by treatment conditions. Overall these analyses 
revealed no systematic changes across time (see Appendix C). 
Differences in State Anxiety of Highl­
and Low-Trait Anxiety Subjects
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X 2 (state anxiety measures) factorial design with repeated 
measures (pre - post) on the second factor to determine if 
significant differences in pre- to post-competitive state 
anxiety scores existed between high- and low-trait-anxiety 
subjects (see Table 5).
Table 5
Summary of the Univariate Analysis of Variance 
of SAI in a 2 (Trait Anxiety Group) X 2 (State
Anxiety) Design
Source SS df MS I
High vs. Low 
Anxious (A) 756.15 • 1 756.15 6.41*
Error (a) 3 ,300.60 28 117•88 -
State Anxiety 
(S) 198.02 1 198.02 3-94
A X S .42 1 .42 .01
Error (b) 1,408.06 28 50.29 -
*£ <.05
Subjects' scores on the pre-competitive SAI and the 
post-competitive SAI were used as the dependent variables. 
There was a significant (jd <.05) main effect for trait 
anxiety, indicating there was a significant difference 
between the high- and low-trait-anxiety subjects on the 
average of the pre-competitive and post-competitive
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administrations of the SAI, F(l,28) = 6.41, £ < . 05. High-
trait-anxiety subjects scored significantly higher
(X = 39.40, X . =  43.20) than low-trait-anxiety pre post
subjects (Xpre = 32.47, Xposi. = 35*93) • There was no 
significant main effect for state anxiety and there was no 
significant interaction between state and trait anxiety.
These results indicate that the pre-competitive and post- 
competitive mean state anxiety scores were not significantly 
different for either the high- or low-trait-anxiety subjects. 
Differences in Competitive Trait Anxiety of 
High- and Low-Trait Anxiety Sub.iects
A second 2 (TAI groups) X 2 (SCAT groups) factorial 
design with repeated measures on the second factor was 
employed to analyze the differences in the first admini­
stration (SCAT^) and second administration (SCATg) of SCAT 
(see Table 6). SCAT^ was given to the subjects during the 
familiarization procedures (1, 2, or 3 days prior to 
competition in the video game) and SCAT2 was given immedi­
ately prior to competition. The results showed a signifi­
cant main effect for trait anxiety, F(l,28) = 7*99, £ <.05* 
The high-trait-anxiety subjects scored significantly higher 
on both S CA^ (Xh = 22.67, XL = 19-67) and SCAT2 (X =
23.07, XL = 17.87). The main effect for competitive trait 
anxiety was not significant, however, there was a signifi­
cant interaction between trait and competitive trait anxiety, 
F(l,28) = 7.69, £ <.05. These results indicate that 
although there was no difference between the means of the
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two administrations of the SCAT, the low-trait-anxiety 
subjects scored significantly higher on SCAT^ than SCAT^.
Table 6
Summary of the Univariate Analysis of Variance 
of SCAT in a 2 (Anxiety Group) X 2 (Competitive 
Trait Anxiety) Design
Source SS df MS F
High vs. Low 
Anxious (A) 252.15 l 252.15 7.99*
Error (a) 883.33 28 31 • 55 -
Competitive Trait 
Anxiety (T) 7.35 1 7.35 3.11
A X T 18.15 1 18.15 7-69*




The review of literature indicated that research 
generally has failed to yield a consistently high relation­
ship among the physiological arousal measures and likewise, 
generally low correlations have been found between psycho­
logical and physiological arousal measures. However, little 
research has been reported which examine the relationship 
of these categories of arousal indicators in a competitive 
situation.
Subjects for the present study were identified as 
either high- or low-trait-anxious on the basis of their 
scores (high - 45, low - 31) on the Spielberger et al., 
(1970) Trait Anxiety Inventory. This study involved a 
competitive task and as such might seem to dictate the 
utilization of SCAT as a trait anxiety classifer. However, 
the investigator selected the TAI because post-competitive 
anxiety needed to be assessed and SCAT was not designed to 
predict post-competitive anxiety. In addition, the utility 
of SCAT in theoretical and applied anxiety research has not 
been as well established as the TAI.
Examination of Hypotheses 
The generally low correlations found within trait 
anxiety groups support the research hypothesis that 
correlations among the psychological variables will be low
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for both high- and low-trait-anxiety subjects with the 
exception of the two administrations of SCAT which should 
be highly correlated. The only other significant corre­
lation coefficient was between SCAT^ and the pre-competitive 
administration of the SAI.
A generally low correlation between the psychological 
anxiety scales is to be expected because they were 
assessing different anxiety constructs. The TAI is a 
general trait anxiety measure and was administered several 
days prior to the familiarization session during a physical 
education activity class. SCAT is a situation-specific 
anxiety trait measure but was given under two different 
conditions, 1 , 2 , or 3 days prior to competition and 
immediately prior to competition. The SAI is a general 
state anxiety measure and was administered before and 
after an anxiety causing situation, competition.
Statistically, the low correlations within trait 
anxiety groups may be attributed partially to the low 
number of subjects (N = 15)• When correlation coefficients 
were determined for the combined sample, all were signi­
ficant except one, between SCAT^ and pre-competitive SAI, 
and it approached statistical significance (jd<.06).
Although the research hypothesis of low to moderate 
correlations among the psychological variables, for the 
sample was supported, the null hypothesis of no significant 
correlation between the psychological anxiety scales when 
the two groups were combined was rejected. However, the
statistical significance of these linear correlations is 
also partially due to the increased range in the variables 
associated with the larger sample.
The higher correlations obtained between the two 
administrations of SCAT for both trait anxiety groups as 
well as the combined sample support the test-retest 
reliability coefficient (r = .85) found by Martens (1977) 
for a similar group of college males and females. Martens 
(1977) reported a significant, low correlation (r = .kk) 
between SCAT and TAI. Although the present study 
corroborated this low correlation between the two trait 
anxiety measures, the correlation coefficients were signi­
ficant only for the combined sample. The contention of 
Martens (1977) that these low correlation coefficients 
establish the concurrent validity of SCAT-A remains 
questionable.
Concurrent validity refers to the degree to which one 
test correlates with another. Martens (1977) claimed to 
have established concurrent validity for SCAT by corre­
lating SCAT-A with the TAI using a sample of university 
undergraduate males and females. Although the low-to- 
moderate correlation coefficient found by Martens (1977) 
as well as the present investigation may provide some 
evidence for the concurrent validity of SCAT-A, the 
possibility that SCAT is not measuring competitive-anxiety 
trait is also plausible. Based on the research conducted 
this far, SCAT, at best, has content validity.
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According to Spielberger et al., (1970) the correlation 
between STAI A-state and A-trait scales will vary depending 
upon the type and amount of stress under which the A-state 
scale is given. Reported correlations between the two 
anxiety scales varied from a low of .11 to a high of .67. 
This range of positive correlations has been supported in 
physical education research. Basler et al., (1976) and 
Burton (1976) found low, positive correlations between 
state and trait anxiety in a gymnastic performance situa­
tion and in a physical education class respectively. A 
high, positive relationship between state and trait anxiety 
was found by Hollingsworth (1975) who utilized a juggling 
task and by Slevin (1971) who employed a modified fencing 
lunge task.
The correlation coefficients between state and trait 
anxiety in the present study varied from a low of .02 to a 
high of .35, when the trait-anxiety groups were examined 
separately and from .39 to .41 when the groups were 
combined. The pre-competitive SAI was given with instruc­
tions focused upon how the subjects felt as they were about 
to compete while the post-competitive SAI was administered 
after specific, failure feedback was provided. The low 
correlations between TAI and the pre-competitive SAI 
therefore signify that high A-trait subjects did not score 
high on the A-state measure and low A-trait subjects did 
not score low on the A-state measure.
According to Spielberger et al., (1970) larger
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correlations are to be expected between the two scales 
when the stimulus situation poses some threat to self­
esteem or under circumstances in which an individual's 
personal adequacy is evaluated. However, whether or not 
individuals who differ in A-trait show corresponding A- 
state differences will depend upon the manner in which the 
individual perceives a particular situation.
Because subjects experienced failure (losing), it is 
tempting to infer that the situation was therefore 
threatening and expect an increase in A-state, particularly 
in high A-trait individuals. However, several factors that 
were not investigated in the present study including locus 
of control, achievement motivation, previous competitive 
experience and expectancy of success may have influenced 
and ultimately accounted for the low correlations between 
state and trait anxiety.
The low, positive correlations between the two 
administrations of the SAI should be expected for the 
same reasons cited previously for the low correlations 
between the TAI and the SAI. In addition, the transitory 
nature of state anxiety could also account for the low 
correlation coefficients.
A significant relationship (r = .4-1, df 28, £<.05) 
was found between the pre-competitive SAI and scores on 
the second administration of SCAT. Although the correlation 
was significant, the A-state scores and SCAT did not share 
a substantial amount of common variance, 16.8%. The
6b
intersubject correlation .of these variables was significant 
(r = .5^1 df 13, p> <.05) only for the low-trait-anxiety 
group. This mixed ability of SCAT to predict pre-compet- 
itive A-state has been supported by Martens (1977)* These 
results suggest that low-trait-anxiety subjects at least 
partially interpreted the SCAT as a state measure of 
anxiety.but the high-trait-anxiety subjects did not.
The writer proposes that this may be explained 
through what Martens (1977) has identified as the objective- 
and subjective-competitive situation. Low-trait-anxiety 
subjects might have, at the time of the administration of 
the pre-competitive SAI, directed their attention more to 
the objective-competitive situation (taskopponents, 
rewards) and therefore, interpreted SCAT as a state 
measure. Whereas, high-trait-anxiety subjects might have 
concerned themselves more with the subjective-competitive 
situation (personality dispositions, attitudes, abilities 
and other personal factors) and thus interpreted the 
measure as a trait measure.
The research hypothesis of high correlations across 
treatment conditions for each physiological variable and 
low correlations within anxiety groups between the three 
dependent variables was supported. There was a significant 
(jd <.01) correlation among the treatment conditions for 
each of the physiological variables with the exception 
of baseline EMG and slow ball speed EMG correlations for 
both A-trait groups. The correlation between baseline EMG
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and slow ball speed EMG for the high-trait-anxiety group 
was significant at the £ <.05 level.
These high correlations across treatment conditions 
can be partially explained by the Law of Initial Values 
(Wilder, 1970). The pre-stimulus levels of heart rate,
BSR and EMG should be regarded as representing low arousal 
level for each parameter because the subject rested, with­
out movement and with the eyes closed. Therefore, upon the 
onset of stimuli (competition), mean heart rates increased 
and BSR's decreased in relation to this baseline period, 
but mean EMG activity did not.
Failure of EMG activity of the frontalis muscle to 
correlate significantly from the baseline period to the 
slow ball speed period may be partially attributed to the 
nature of the task. The task required that subjects view a 
television and try to align an electronic ball with an 
electronic paddle. Movement of the eyes, in addition to 
increased tension depending on the success of the competi­
tor , resulted in an insignificant linear association in EMG 
activity from the baseline period to the slow ball speed 
period.
The null hypothesis of no significant correlations 
between the psychological-anxiety scales and the physiolog- 
ical-anxiety measures for the high- and low-trait-anxiety 
groups was not rejected. The post-competitive SAI of the 
high A-trait subjects showed a positive, significant 
(2 < *05) correlation between the baseline EMG and slow ball
speed EMG. Because the paper and pencil anxiety-state 
measure was given approximately 10 min after the end of the 
baseline period and 5 min after the slow ball speed period, 
the correlation must be attributed to chance and as such 
should be regarded as insignificant. This finding did not 
support the prediction of the research hypothesis of 
moderate to high correlations between the 13 dependent 
variables investigated.
The low intercorrelations among the psychological 
and physiological measures of arousal as well as between 
the three physiological measures in the competitive task 
used in the present study substantiated the results of 
previous investigators (Auerbach, 1973* Basler et al.,
1976; Burton, 1976; Fanz & Epstein, 1967* Fenz & Jones, 
1972; Forrest & Kroth, 1971; Hollingsworth, 1975* Katkin, 
1965; Katkin, 1969? Malmstrom et al. , 1965? Rappaport & 
Katkin, 1972; Thayer, 1970; Weinstein et al., 1968) who 
have utilized a variety of stimulus-response situations.
The data cannot be fully understood until the unique 
properties of the various physiological systems as they 
relate to parameters of stimulus input, including rate of 
stimulus input, magnitude of input and pre-stimulus basal 
levels are investigated (Taylor & Epstein, 1967). Until 
these principles relating the physiological systems to each 
other and to the parameters of stress are established, the 
failure to find high, significant intercorrelations among 
the physiological variables may be partially explained by
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response specificity or response stereotypes, stimulus- 
response specificity (Hodges, 1976) and patterning of 
hemispheric activation (Davidson, 1978).
One major factor that accounts for the low correla­
tions mentioned above is response specificity or response 
stereotypes. It has been shown that individuals have 
specific response patterns in autonomic function; some 
respond with increased heart rate and others increased 
respiratory rate, or perhaps both increased GSR and heart 
rate. These response patterns are reproducible (stereo­
typed) over time and occur regardless of the type of stress 
to which the subject is exposed (Lacey, 1967; Lacey & Lacey, 
1958).
In addition to response specificity, the existence of 
stimulus-response specificity has also been documented by 
Lacey (1959) and supported by Lacey et al., (1963).
According to Lacey different stimuli produce different 
response patterns. He proposed that a "directional 
fractionation of response" was related to the attention 
requiring nature of the situation. Attention to external 
stimuli such as the video game would result in a different 
response than a situation which required rejection of 
external stimuli. Because the present study involved an 
experimental situation which focused on the external 
environment, lack of correlation among the dependent 
variables may be partially attributed to subject differences 
in attentional processes generated.
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Davidson (I978) discussed possible differences in the 
specificity of cortical activation during attention and 
imagery in situations that vary in verbal-spatial and 
affective-nonaffective dimensions. Specifically, evidence 
was presented that differential requirements to process 
questions varying along verbal-spatial and affective- 
nonaffective dimensions are associated with reliable 
differences in the patterning of hemispheric activation and 
can be measured by lateral eye movements. Emotional 
questions appear to be associated with relatively greater 
right hemispheric activation and therefore, elicit more 
left-eye movements and fewer right-eye movements than 
comparable nonemotional questions. Verbal questions elicit 
more right-eye movements, i.e., greater left hemispheric 
activation.
In view of this previous research, it may appear that 
the present study was unnecessary. However, Lacey et al., 
(1953) utilized two different physiological variables, 
palmar conductance and variability of heart rate and four 
different stresses, mental arithmetic, hyperventilation, 
letter association and modified cold pressor test. The 
conclusions made in reference to response specificity by 
Lacey et al, (1953) hold only within the limits of their 
experiment. The researchers (Lacey et al., 1953) 
recommended additional studies be conducted in which more 
physiological variables would be measured and different 
stresses used. In another study Lacey and Lacey (1958)
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attempted to verify and extend the principle of autonomic 
response stereotypy utilizing the same stresses previously 
mentioned but blood pressure was measured in addition to 
the three physiological variables in the earlier study 
(Lacey et al., 1953)* Although Lacey and Lacey (1958) 
concluded that the results extended the generalizability of 
the principle of autonomic response stereotypy, they 
suggested further studies were needed especially if a 
wider variety of physiological variables were used and 
could be recorded continuously.
Acceptance of the null hypothesis of no overall group 
effect for the MANOVA test criterion fails to support two 
research hypotheses. High A-trait subjects did not show a 
significantly greater increase in EMG activity, heart rate 
and decreased BSR than low A-trait subjects across treat­
ment conditions (baseline, slow ball speed and fast ball 
speed). The research hypothesis of high A-trait subjects 
having higher baseline values for EMG and heart rate and 
lower baseline values for BSR was also not supported.
The rejection of the null hypothesis of no overall 
treatment condition effect and the subsequent post hoc 
Duncan's analyses revealed that arousal as measured by EMG, 
BSR and heart rate increased from the baseline to the slow 
ball speed period and from the baseline to the fast ball 
speed period. This would seem to suggest that the competi­
tive situation (video game) was equally arousing for both 
groups. Increasing the ball speed did not significantly
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increase arousal level, except as measured by heart rate.
Rejection of the MANOVA test criterion null hypothesis 
of no overall time interval effect and the follow-up 
examination of the univariate analyses of variance revealed 
that BSR was the only physiological parameter with a signi­
ficant time interval effect. Because this analysis 
utilized the means for the 10 time intervals for each 
treatment condition, differences are meaningless in view of 
the purpose of this study to determine if high- and low- 
trait-anxiety individuals differed in their physiological 
responses.
Psychophysiological research has shown skin resistance 
level correlates highly with cognitive effort (Kilpatrick, 
1972) and frontalis EMG and heart rate are related to 
somatic activation (Obrist, Howard, Lawler, Galosy, Meyers, 
& Gaebelein, 197^> Obrist, Webb, & Sutterer, 1969)* The 
writer hypothesizes therefore, that the significant time 
interval effect for BSR can be partially attributed to the 
predominantly cognitive nature of the video game task and 
significant differences may have occurred whenever 
cognitive processes were more intensely activated.
Acceptance of the MANOVA test criterion null hypothe­
ses of no overall group X treatment condition interaction, 
group X time interval interaction, and group X time 
interval X treatment condition interaction indicates none 
of the parameters distinguished between the two trait- 
anxiety groups at any time during the experimental period.
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Failure of EMG in this investigation to distinguish 
between high- and low-trait-anxiety subjects did not 
support the research of Sidowiki and Eason (I960) and 
Weinberg (1972), but strengthens the contention of Obrist 
et al., (197^) and Obrist et al. , (1969) that EMG is a 
better indicator of somatic anxiety. Sidowiki and Eason 
(I960) utilized a verbal task and recorded muscle action 
potentials from the biceps and frontalis under conditions 
of induced muscular tension and incentive. Muscle action 
potentials decreased over time for high-anxious subjects 
and increased for low-anxious subjects. Although 
employing a tennis-ball-throwing task under threatening 
conditions, Weinberg (1972) found electromyographic 
differences in the muscles involved in throwing between 
high- and low-trait-anxiety subjects. However, results 
of the three studies are difficult to compare because of 
different instrumentation, muscle groups and methods of 
analyzing data. Muscle action potentials in the present 
study were integrated (averaged) by the instrumentation 
used and the average of six readings rather than continuous 
measurements across time was used in the statistical 
analysis.
In summary, the present study supports the concepts of 
response specificity and response stereotypes as well as 
stimulus-response specificity employed during a competitive 
situation. None of the physiological variables used in this 
study to assess arousal distinguished between high- and
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low-trait-anxiety groups. Because the correlation coeffi­
cients were low and mostly insignificant there is an indi­
cation that the prediction with any degree of confidence 
of one physiological measure from the level of another is 
impossible. The reason such a prediction seems impossible 
is due to response specificity and because different physio­
logical parameters become more intensified independent of 
one another and at different temporal intervals.
Although low correlations have been attributed to 
inappropriate data analysis procedures and insufficient 
techniques of measurement, a more plausible explanation is 
offered by the writer, based on the research discussed by 
Davidson (1978) . Anxiety has been differentiated into 
two basic systems: cognitive and somatic by Davidson
and Schwartz (1976) . Cognitive anxiety refers to the 
conscious awareness of unpleasant feelings about self or 
external stimuli which may be regulated by the right or 
left hemisphere of the brain. Somatic anxiety refers to 
the changes in bodily processes in response to stimuli and 
it may be subdivided into skeletal and autonomic compon­
ents. The writer contends that much of the ambiguity in the 
general anxiety research has resulted from the failure of 
researchers to differentiate between cognitive and somatic 
anxiety. In addition, procedures utilized have presented 
subjects with stimulus-response situations incorporating 
varying degrees of cognitive and somatic anxiety. Thus, 
low correlations between physiological and psychological
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measures of anxiety are to be expected because the former 
is primarily assessing somatic anxiety (except BSR), 
while the latter is assessing cognitive anxiety and 
possibily both cognitive and somatic anxiety depending on 
the nature of the question.
A typical somatic question from the SCAT is, "Before
1 compete I get a queasy feeling in my stomach." A typical 
cognitive question from the SCAT is, "Before I compete I 
worry about making mistakes." Future research must identify 
if cognitive or somatic anxiety is being assessed by paper- 
and-pencil questionnaires and then select the appropriate 
physiological parameter for measuring the type of anxiety 
under investigation if correlations are to improve.
A significant main effect for trait anxiety on the
2 (trait anxiety group) X 2 (state anxiety measures - pre- 
and post-competitive) factorial ANOVA supported both 
research hypotheses regarding high A-trait subjects 
scoring higher than low A-trait subjects on the pre- 
competitive and post-competitive administrations of the 
SAI. These differences were to be expected because compe­
tition is regarded as. a social evaluative situation (Martens, 
1977)- In addition, because subjects in this investigation 
experienced failure which has been shown (Martens & Gill; 
Scanlan, 1977) to increase A-states, and because of the 
transitory nature of state anxiety (Spielberger et al.,
1970), high- and low-trait-anxiety subjects were expected
to show a significant difference between the pre-competitive
7^
pre-competitive and post-competitive administrations of the 
SAI. However, an insignificant main effect for state 
anxiety necessitated the acceptance of the null hypothesis 
that high- and low-trait-anxiety subjects would not score 
significantly higher on the post-competitive than the pre- 
competitive administrations of the SAI.
The research hypothesis predicting high A-trait 
subjects would score significantly higher than low A-trait 
subjects on both administrations of the SCAT was supported 
because of the significant main effect for trait anxiety in 
the 2 (trait anxiety group) X 2 (competitive trait anxiety 
measures) factorial ANOVA. Because SCAT was given 1, 2, 
or 3 days prior to competition and immediately prior to 
competing after all electrodes were attached, it was hypothe­
sized that there would be a significant difference between 
the two administrations of the SCAT. The significant inter­
action between competitive trait anxiety and trait anxiety 
supported this hypothesis for the low-trait-anxiety group 
only. The high A-trait individuals interpreted and responded 
to the questionnaire in a similar manner under two relatively 
different conditions but the low A-trait subjects scored 
higher on SCAT1 than SCAT^. These results provide some 
support to Martens' (1977) claim that SCAT is a reliable 
measure of competitive trait anxiety which should not be 
expected to change across time.
Implications for Future Research
The major findings of this investigation generally
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supported those found in the general anxiety literature.
Lowi insignificant correlations were found between the 
selected physiological and psychological measures of 
arousal. These findings suggest that individuals have 
specific response patterns in autonomic function and that 
competition produced the same response in individuals who 
differed in trait anxiety. The results of this study • 
would seem to indicate that the two paper and pencil 
measures of anxiety used (SCAT and SAI) are more useful 
than the physiological measures (heart rate, EMG, and BSR) 
in assessing state anxiety of individuals who differ in 
trait anxiety as measured by the TAI. This is not 
surprising in view of recent research that distinguishes 
between somatic and cognitive anxiety. An examination of 
the SAI and SCAT revealed that both are primarily assessing 
cognitive rather than somatic anxiety. In view of the 
recent research (Davidson, 1978) other areas of competitive- 
anxiety research seem more appropriate for the sport 
psychologist to investigate than the relationship between 
psychological and physiological measures of arousal.
Future research dealing with competitive anxiety is 
needed to answer several questions raised by the present 
study. What other internal (personal) factors besides 
trait anxiety (locus of control, achievement motivation, 
expectancy of success) or external factors (nature of the 
competitive situation, rewards offered to participate, or 
audience and coaction effects) elicit particular state
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responses? Do high- and low-trait-anxiety subjects 
perceive the uncertainty and importance of the competitive 
situation differently?
Future researchers may wish to consider the following 
limitations of the present study. The investigator failed 
to conduct a manipulation check on the competitive condi­
tion to ascertain the level of competition subjects 
perceived during the video game. The importance of the 
rewards offered and the expectancy of success might have 
provided useful information to the investigator. A post- 
experimental questionnaire could have been administered 
to secure this information. Moreover, the confederate 
and subjects were all females. Future investigators 
should consider sex of the subjects as well as opponents 
to determine if differences may be attributed to these 
factors.
Failure of psychological and physiological measures 
of arousal to correlate significantly as well as physio­
logical measures to correlate in general will no doubt 
continue to disturb many psychophysiologists in the future 
until the concepts of response specificity, stimulus- 
response specificity and hemispheric patterning are estab­
lished for a variety of stimulus-response situations, thus 
refuting the concept of general arousal.
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APPENDIX A 
STANDARDIZED INSTRUCTIONS FOR TAI 
PSYCHOLOGICAL ANXIETY SCALES
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STANDARDIZED INSTRUCTIONS FOR TAI 
The forms I am asking you to complete are for the pur­
pose of helping a doctoral student select subjects for her 
dissertation study. It is important that you answer the 
questions truthfully whether or not you are asked and give 
consent to be involved in the actual study. The study will 
involve learning to play one of the simpler video games and 
then having your physiological responses, such as heart rate, 
monitored while you actually play the game. It is estimated 
that the entire study will involve no more than 10 minutes of 
your time one day and 30 minutes one, two, or three days 
later. Practice and testing will be done anytime, day or 
night, at your convenience. Remember, it is important that 
you accurately complete the two forms you will be given even 
if you are not selected for the study. Read each statement 
and then darken the number to the right of the question that 
indicates how you generally feel. Do not spend too much 
time on any one statement but give the answer which seems to 
describe how you generally feel. Please complete the per­
sonal data questionnaire in order that you may be contacted 
later.
PLEASE NOTE:
Copyrighted materials in this document have not been filmed at the request of the author. They are available for consultation, however, in the author's university library.










Means and Standard Deviations on TAI 
for Total Group
Anxiety Group N X
Age
X SD
High 37 21.05 51.11 6.67
Low 58 20.72 28.36 2 .6^
Medium 121 19.93 37-69 3.60
Total Group 216 20.57 38.60 7.4 9
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Table B-2
Means and Standard Deviations for Dependent 





Variable X SD X_____ SD
SCAT #1 22.67 4.30 19.67 3.48
SCAT #2 23.07 5-35 17.87 2.92
Precompetitive SAI 39.40 8.19 32.47 10.11
Postcompetitive SAI 43.20 10.04 35.93 8.14
Heart Rate (Baseline) 40.99 4.23 41.01 7.03
HR (Slow ball speed) 44.77 5.48 43.83 7 .46
HR (Fast ball speed) 46.24 5-14 44.95 6.72
BSR (Baseline) 101.22 102.11 ' 76.45 53.63
BSR (Slow) 44.46 37-76 28.87 20.41
BSR (Fast) 37-88 32.08 25.95 15.33
EMG (Baseline) 15.22 7.52 15.80 5-69
EMG (Slow) 22.15 15-59 20.93 7-83
EMG (Fast) 22.00 12.04 22.25 6.77
Note: Values of physiological variables were obtained
over 10, 30-sec time intervals.
Table B-3
Intercorrelation Matrix of Dependent Variables
for High Trait Anxiety Subjects
PRESAI POSTSAI SCAT #1 SCAT #2 MHRB MHRS MHRF MBSRB MBSRS MBSRF MEMGB MEMGS MEMGF
PRESAI 1.00 .50 .14 .13 -.09 -.15 -.17 -.00 -.15 -.14 -.14 -.04 .06
POSTSAI .50 1.00 .19 • 25 .02 .15 .12 .03 .06 .02 • 57a • 57a .50
SCAT #1 .14 .19 1.00 • 91a • 13 .26 .16 -.32 -.21 -.24 .34 -.00 .09
SCAT #2 .13 • 25 .91a 1.00 .12 .27 •13 -.48 - .40 -.41 .27 .06 .23
MHRB -.09 .02 • 13 .12 1.00 • 79a •?9a .18 -.34 -.38 .18 .32 .42
MHRS -.15 •15 .26 .27 • 793 1.00 • 95a -.05 -.39 -.45 .20 .50 .43
MHRF -.17 .12 .16 • 13 • 79a • 95a 1.00 .01 -•35 -.41 .18 • 47 .40
MBSRB -.00 .04 -.32 -.48 .18 -.05 .01 1.00 • 73a • 75a -.04 -.17 -.27
MBSRS -.15 .06 -.21 -.40 -.34 -.39 -•35 • 73a 1.00 • 98a •13 -.0? -.2?
KBSRF -.14 .02 -.24 -.41 -.38 -.45 .41 • 75a .98a 1.00 • 07 -.13 -.32
MEMGB .14 • 57a .34 .27 .18 .20 .18 -.O'l .13 .07 1.00 •52 • 39
NiEMGS -.04 • 5 7a -.00 .06 • 32 .50 .47 -.17 -.07 -.13 • 52a 1.00 .90a
MEMGF .06 .50 .09 .23 .42 .43 .40 -.27 -.27 -.32 .39 • 90a 1.00
Significant at .05 level.
Table B-4
Intercorrelation Matrix of Dependent Variables
for Low Trait Anxiety Subjects
PRESAI POSTSAI SCAT #1 SCAT #2 MHRB MHRS MHRF MBSRB MBSRS MBSRF MEMGB MEMGS MEMGF
PRESAI 1.00 • 32 .37 • 54a -.18 -.12 -.14 -•35 -.19 -,1'4 .29 -.08 -.19
POSTSAI .32 1.00 .46 .48 .27 •25 .16 .14 -.21 -.06 • 33 .01 .06
SCAT #1 • 37 .46 1.00 . 8la • 23 .16 •15 -.20 -.44 -.32 .27 • 13 .12
SCAT #2 •5** .48 .81 1.00 .50 .47 .43 -.01 -.36 -.18 .18 -.04 -.02
MHRB -.18 .27 • 23 • 50 1.00 .86a .87a •32 -.17 -.06 -.14 -.01 .09
MHRS -.12 •25 .16 .49
cd00 1.00 .9 7a .48 .05 .19 -.23 -.16 .04
MHRF -.14 .16 •15 • 43 . 86a • 97a 1.00 • 47 .09 .19 -.24 -.09 .10
MBSRB -•35 .14 -.20 -.01 • 32 .48 .47 1.00 • 63a • 74a -.17 -.10 • 34
MBSRS -.19 -.21 -.44 • 36 -.17 .05 .09 .63a 1.00 • 91a .02 -.12 .27
MBSRF -.14 -.06 -.32 -.18 -.06 .19 .19 • 74a • 91a 1.00 • 15 -.10 .30
MEMGB .29 • 33 • 27 .18 -.14 -.23 -.24 -.17 .02 • 15 1.00 • 36 • 37
MEMGS -.08 .01 .13 -.04 -.01 -.16 -.09 -.10 -.12 -.10 • 36 1.00 • 83a
MEMGF -.19 .06 .12 -.02 .09 .04 .10 • 34 -.27 .30 • 37 • 83a 1.00
aSignificant at .05 level
Table B-5
Intercorrelation Matrix of Dependent Variables
for Total Sample
PRESAI POSTSAI SCAT #1 SCAT ttZ MHRB MHRS MHRF MBSRB MBSRS MBSRF MEMGB MEMGS MEMGF
PRESAI 1.00 .48̂ •35 .4la -.16 -.10 -.10 .06 -.04 -.03 •17 -.03 -.04
POSTSAI .48a 1.00 •39a A t .12 .21 .17 .12 .08 • 09 .42a • 39a •33
SCAT #1 • 35 • 39a 1.00 .88a .14 .21 .18 -.20 -•15 -.14 • 27 .05 .09
SCAT #2 .4la .4^ .88? 1.00 .18 • 32 .26 -.23 -.18 -.17 .18 .06 .14
MHRB -.16 .12 .14 .18 1.00 .82a .82a .19 -.24 -.21 .00 .14 .23
MHRS -.10 .21 .21 • 32 .82a 1.00 • 97a -.16 -.16 -•15 -.02 .21 .24
MHRF -.10 .16 .18 .26 . 82a • 97a 1.00 .20 -.12 -.13 -.03 • 23 .25
MBSRB -.06 .12 -.20 -.23 .19 .16 .20 1.00 • 72a •75" -.08 -.14 -.13
MBSRS -.04 .08 -.15 -.18 -.24 -.16 -.12 • 72a 1.00 • 97a -.08 -.07 -.14
MBSRF -.03 .09 -.14 -•17 -.21 -.15 -.13 .75" • 97a 1.00 .07 .11 -.19
MEMGB .17 • 42a -.27 .18 .00 -.02 -.03 -.08 .08 .07 1.00 .46a COr\
MEMGS -.03 • 39a .05 .06 • 13 .21 .23 -.14 -.07 -.11 .47a 1.00 .88a
MEMGF -.04 • 33 .09 .14 .23 .24 •25 -.13 -.14 -.19 • 38a .883 1.00
Significant at .05 level
vOVn
Table B-6
Summary of the Univariate Analysis of Variance 
of EMG in a 2 (Anxiety Group) X 3 (Conditions)
X 10 (Time Intervals) Design
Source SS . df MS F '
High vs Low 
Anxious (A) 7.60 1 760.00 0.00
Conditions (C) 8 ,183-28 2 4,091.64 10.10*
Time Intervals 
(T) 415.65 9 46.18 1.65
A X C 128.00 2 256.OO .16
A X T 259.19 9 28.80 1.03
C X T 501.87 18 27.88 1.00
A X C X T 338.58 18 18.81 .67
Error (a) 58,747.38 28 -
Error (b) 22,690.87 56 -




Summary of the Univariate Analysis of Variance
of BSR in a 2 (Anxiety Group) X 3 (Conditions)
X 10 (Time Intervals) Design
Source SS df MS F
High vs Low 
Anxious 68,364.82 1 68,364.82 1.26
Conditions (C) 598,384.17 2 299,192.08 21.48*
Time Intervals 
(T) 25,880.92 9 2,875.66 11.71
A X C 6,565•18 2 3,282.59 0.24
A X T 137.23 9 15.25 0.06
C X T 32,241.70 18 1,791.21 7 .29*
A X C X T 1,675-97 18 93.11 • 38
Error (a) 15,175.82 28 -
Error (b) 779,862.38 56 -
Residual 185,650.99 756 -
*p £ .0001
Table B-8
Summary of the Univariate Analysis of Variance 
of Heart Rate in a 2 (Anxiety Group) X 3 
(Conditions) X 10 (Time Intervals) Design
Source SS df MS F
High vs Low 
Anxious (A) 49.4? 1 49.47 .05
Conditions (C) 2770.34 2 1385.17 30.37*
Time Intervals 
(T) 40.10 9 4.46 1.15
A X C 189.62 2 94.81 2.08
A X T 51.83 9 5-76 1.49
C X T 396.06 18 22.00 5.68
A X C X T 55.56 18 3.09 .80
Error (a) 28,886.70 28 -
Error (b) 2 , 5 5 ^ 9 56 -
Residual 2,927.35 756 -
*p ^ .0001
Table B-9
Means for Physiological Variables Used in 
Duncan's Multiple Range Test for the 
Three Treatment Conditions
EMG BSR HR
Baseline 15.5 88.8 4-1.4-
Slow Ball Speed 21.5 36.7 4-4-. 3
Fast Ball Speed 22.5 31.9 4-5 • 6
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Figure 1. A comparison of heart rate changes 
of the high trait anxiety group 
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Figure 2. A comparison of heart rate changes of 
the low trait anxiety group across 10 
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Figure 3. A comparison of BSR changes of the high 
trait anxiety group across 10 time 
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Figure 4. A comparison of BSR changes of the low 
trait anxiety group across 10 time 
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Figure 5» A comparison of EMG changes of the high 
trait anxiety group across 10 time 
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Figure 6. A comparison of EMG changes of the low 
trait anxiety group across 10 time 
intervals for the three treatment 
conditions.
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